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THE FIXATION AND ABSORPTION OF FISSION PRODUCTS BY PLANTS

INTRGDUCTION

Preliminary experiments ccnducted in this laboratory (1) indicate that
most of the fission products may be firmly fired om soil. The purpose of the
work to be reported has bsen to determine whether or not radio slements so fixed
are available to planmts.

The accumulated information regarding the absorption of various elements by
plents from eoil atrongly suggests that nll elements are taken up to some degree
when present in the soil in mmero-asmounts. It is of interest hers to note that as
much a8 2.3 gms of ytirium per kilogrum dry weight has been found in the leaves of
bickory trees growing in ytirium soil (2). On the other hand, no nublished infor-
mation exists as to whether slements in oxitremely smsll amounts {i.e. tracer amounts)
are available to plamts from either culture sclutions or scils.

The test plants selected were thrse-weeks old barley plents. This plant was
chosen because 1ts method of culture hes been well standardized (3). Plants so
gromn acquire the ability of absorbimg invrganic nuirients quite readily.

These plants were cxposed to radio=-elements in two different ways. First,
the plants were immersed for 2l hours in suspensions of purified Wyoming bentonite
to which had been added the desired radio~element. Second, the plants wers placed
in nutrient solutions for a periocd of three weeks. The radio-element was sdded di-
rectly to the asclution. It was not comsidered :zdvisable to conduct the clay experi=-
ments for longer periocds then 2l hours owing to the absence of the necessary nutrients.
Had nutrient salts been added the clay would have flocculated and settled awey from
the root zome. '

In order to obtain information supplementary to that given by the plant ex-
periments, an examination was mede of active algae collected from the settling basin.

PROCEDURE

Ca bentonite suspensions were prepared as ollows: A 2% suspersion of electro-
dialyzed Kyomirg bentonite was adjusfed to pH 5.5 with satwrated Ca(CX)y solution.
Aliquots of the resulting Ca bentonite suspension were diluted with distilled water
%o a conceuntration of 100 mgms per liter. Following this, the radio-elemeunt waes sd-
ded in an amount corresponding to 10 microcuries per liter,

In each case, six barley plants were placed in a quart jar conteining 850 mi
of the suspension. The suspension was centinuously eerated by mesns of compressed eir.
Three jars of plents were set up for each element. The radic-elements were Y, Ce,
- Zr4Cb, and Sr. Following the 2l hour absorption period, the tops were removed from
the plants and the roots eer: dried at 100°C end suitable aliquote counted., Portions
of the initial suspsnsions were centrifuged in a McBain type spinning top. centrifuge.
The activity of the supernatent liquid was compared with that of the initial suspen-
slon. These results, a8 well as the uptake of activity by barley plants from clay
suspensions are given in Table I.




§ ey ; -
s oo - =3

TABLE
Elenents %4 Initially ‘ Activity Taken Up * Activity
Fixod on Clay : by Roots=% Doge Translocatzd to
¢ , Leayes -»ﬁ Dosg
Y 98.8 27,7 0,104
Ce 94 o3 2,.:;;01 000303
ZriCh : 98.5 33.5 0.00310
Sr . 60 oly 10,7 1060

Average fresh weight of leaves from six plants = l.?Sgg. dry weight 2 0,370g.
Average fresh weight of roots from six plants = 7,12g; dry weight = 0,595g,
# An assay of the activity in the lésves showed the abzence of radicactive impuritiles,

In the above experiment the clay concentration was 100 mgms per liter.
In order to determine the effect of varying clay concentration on the fization of
activity by roots, the following experiment was performed. Two meeks cld barley
plants were lmmersed for 24 hours in g series of clay susrensions. Fach suspension
contained 10 microcuries of ¥, The clay concentration of the suspensiocrs varied frea
~.25 to 500 mgms per liter. In each case, six plants were used for 850 ml of suspen~
sion and cach concentration was done in triplicate., Following the immersion purioed,
the roots were sepgrated from the tops, thuroughly washed, dried 2nd counted, The
resulis are given in Tgble II and plotted graphically in Figure I,

' A Il

Conc. of Clay _ Y Activity Taken Up
mgrs/liter by Roots=% of Dose
28,7 : 31.4
115.1 ' 1o 5
287.5 8,32
575,0 6,00

Average fresh weight of roots from six plants = 3.73g
Average dry weight = 0,.205g.

In addition to the clay experiments, similar experiments were carried cut

with pure culture o ntions containing the radio-elements, The culture solution
had the following compositicns XNOy = ,0025M; Ca(ﬁes) = ,00254; MgS0, - ,001M;
KHoPY, = .0005H, and Fe-3pmmj B-0.5prm; Mn-0.5ppm; 2a-0.05ppm; Gu~0.04ppms and Mo=-0.01lpom,
Six plants were placed in 850 ml of continuously aerated solution to which the radic=
clomert had been added. The duration of the experiment was 21 days, Fach tmeat-

. ment was performed in triplicats. The leaves and roots were treated as previcusly
deseribed., The resulit:z are given in Tabli ITT.
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TABLE III
Element Activity Teken Up Activity Translocated
by Roots=% Dose to lLeaves-% Dose
¥ 43.8 0707
Ce 4do5 ' -0360
Zrsh 43.4 00932
Sr llos . 1103

Average Presh weight of leaves fram six plants 2 14,0g; Dry weight = 1.64g,
Average fresh weight of roots from six plants = 11,7g; Dry weight 2 .660

A sample o° algse from the settling basin at X-10 was collected in
October 1944. The algae was washed in distilled water untlil it appeared to be
Troe from clay. The activity of the dried material was found to be approximately
An aliquot of the slgae was assayed for its radicactive composition,

6 e per gm.
The results are given in Table 1V,
TABLE IV
Element %(Calculated to
zero thickness)
Ba+Sr 1.8
YsPr 1.4
Zr+Ch 61.6
Ru+Te 12.9
Cs 105 :
Ce 20,8
DISCUSSION

In the cese of the test plants selected and under the conditions of the
experiments, very large fractions of the initial doses of Y, Cr, Zr+Cb, and Sr
are either fized or absorbed by the plants, For each olement, activity was found
ir the leaves as a result of absorptlon and translocation. The roots were in all

cases relatively very active,

Of the elements investigated, Sr is by far the most readily absorbed
and iranslocated. The other elements {21l im the following orders ¥, Ce, Zr¥Ch,
4 comparison of the results of the 24 hours period of the clay experiments with
those of the three week pericd of the culture solution experiments indicates
that with the exception of Sr, the radic-elements when adsorbed on suspended clay
particles are more readily accessable for absorption and translocation by the plant,
The character of the culiture solution 1s such that ¥, Ce, and Zr<(b are probably pre-
cipitated within a short time on the rocts, walls, etc. in a form non-avallable for
absorption by plants, Sr, on the other hand, remsins largely in solution as would

b2 expected and is readily available for absorp tion,

The observed order of the absorption and translocation of thess elements

cannct bo corvelated wiltn vheir degrees of fixation om the elay. This iz clearly
¥ is more strongly fixed

cridenced by the differences in behsvicr of ¥ and Ca.,




on clay than Ce, yet is found in greater amounts in the leaves. Differences
of thie nature are due to the selective absorption properties of plants.

. The rate of accumulation of the radic-elements in the leaves by plants
from patural soil might be expected to be of the same order as that observed for
plants in clay suspensions. While it is true that the amount accumulated in 2
hours is not large, neverthless the process will be continuous throughout the
growth period of the plant. Thus in the life oycle of & plant, considerable
quantities of activity may be involved.

The nature of the large fixation of the activity by the roots is as yet
mnelucidated. The activity is not the result of clay adhering to the roots since
essentially all of the added clay wes recovered from the solution even when as
" much as 35% of the dose was fixed on the roots.

Since the amounts of soluble sctivities in equilibrium with active clay
suspensions of Y, Ce, and Zr4Cb are very srall compared to the amcunts on the roots,
there must necessarily have been a releass of activity from the clay particles to the
roots. Thus for these elements, roots can complete successfully with clay particles.
in harmcoy with this idea, the deta of Figure 1 show that with increasing olay con-
centration, the competition becomes less favorable for the roots. On the other hand,
jt is doubtful that even in soils, the clay content would be of such magnitude that
po activity would be fixed by the roots. ,

Extonsive studies have shown that many fresh water algae are similar to
roots in their behavior towards mineral nutrients, Judging from the assay of the
algee collected, 1t would appear that the seme phenomena cbserved with roots are
operative here, It is of interest to note in this comnection, that the radio-
active composition of the algse is not wery different from that previously reposrted
for the active clay. (L)

In conclusion it can be steted thei an agriculturally important plent
species has been observed %o possess a very marked ability for the fixzation of those
elements which constitute a major portion of the fission activity, even when tracer
amounts of the elements are initially adsorbed on clay particles., It should be
emphasized that generalizetions made frcm the gbservations reported here as to the
behavior of berlsy in the natural scil and as to the behavior of other plant species
in the natural soil are subject to modification. Nevertheless, it must be conceded
that experiments made so far strengly support the ccnolusion that the release of
fission activity to soils may coxstitutv a sericus problem in so fer s piants grow=
ing on these soils are cumcerned. An accurate estimation of the consequences ol re-
leasing fiseion activiiy to soils will require much more experimentation.
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